In recent years, there has been considerable interest in studying the occurrence and distribution of the various bacterial pollution indicators in water and the associated environment. Reports of studies on potential natural pollution of water from warm-blooded animals, soils, vegetation, and insects have appeared in the literature. It has been suggested repeatedly that the bacterial flora of fish might reflect the bacteriological conditions of the water and thus be a potential indicator of pollution. This thesis assumes that coliforms, fecal coliforms, and fecal streptococci are not normal inhabitants of the gut of fish and have a short, unaltered survival in their intestinal tract. Few quantitative data can be found in the literature, however, on either the pollution that might be contributed by fish, or the degree of correlation between water quality and the number of bacterial pollution indicators in the fish intestine.
Organisms of the coliform and streptococcal groups have been isolated from the intestinal tract of various species of freshwater fish caught in relatively clean to moderately polluted waters in India (18) , Norway (17) , Canada (2, 3, 14) , and the United States (12) . Margolis (14) also reported that the bacterial flora of freshwater fish depends solely upon the fish's recent intake of food and the degree of contamination in the food and water. Gibbons (7, 8) reported similar results for fish caught from the marine environment, and both authors concluded that coliform bacteria are not usually associated with the normal intestinal flora of fish.
Although numerous microbiological studies have been made on fish intestinal material, many of the data are qualitative and are based on technical procedures with limited sensitivity and selectivity. Insufficient data in the literature on quantitative recovery of coliforms, fecal coliforms, and fecal streptococci that could be applied to water pollution studies prompted this investigation. The research project was developed to include the following areas: (i) quantities of coliforms, fecal coliforms, and fecal streptococci in the intestinal contents of fish; (ii) possible correlation of these pollution indicators in fish with those in the water environment; (iii) survival and multiplication of fecal coliforms and streptococci in intestinal material; (iv) determination of any density differences and possible type differences of pollution indicators in the upper and lower intestine; (v) occurrence and percentage distribution of coliforms and streptococcal strains from the gut of a wide variety of fish; (vi) the effect of ingestion of specific tracer organisms and their retention in the fish intestine; and (vii) contribution of fish to pollution of a potable water.
MATERLAL AND MErHODS
Bacteriological examinations were conducted as soon as possible after the fish were caught, except for fish caught in areas of Canada; Pymatuning Lake, Pa.; and Dale Hollow, Tenn., where the intestinal tracts were immediately removed aseptically and frozen for prompt shipment to this laboratory. Fish caught in the Ohio and Little Miami rivers and in several small Ohio lakes and those from experimental fish tanks were placed in plastic bags and examined immediately on return to this laboratory.
Most of the fish were taken with fish traps and large river nets set in the streams for I to 2 weeks during the summer; and a few were obtained by seining with a gill net, and the remainder were caught with a line. Fish used in the 250-and 500-gal tank experiments were taken with dip nets.
To determine the flora of the intestinal tract, the entire gut from stomach to anus was removed, and the contents were stripped out with sterile forceps. In many of the samples that contained large amounts of fecal material, a minimal amount of 0.5 g (wet weight) was obtained from both the upper and lower intestinal tract for use in split-sample studies. After they were weighed, the samples were transferred to appropriate amounts of sterile dilution water to make a 1:100 dilution. The Examination of water sampled at the various fish-trap locations indicated lower densities for the pollution indicators in river water than in the fish. Upper quartile values for total coliforms, fecal coliforms, and fecal streptococci were 2,200, 370, and 100 per 100 ml, respectively. These data suggest that the major source of the pollution indicators in fish from the Little Miami River was probably related to the intake and degree of contamination of food ingested. Margolis (14) reported the same observation in a study of the effect of fasting on bullheads and speckled trout in tank experiments. Our tank experiments with carp and bluegills indicated a higher recovery for the pollution indicators in fish guts when the water temperatures ranged from 16 to 21 C than when they ranged from 1 to 10 C. In the latter case, fish were not actively feeding and intestinal tracts were mostly empty.
Another possible reason for the higher counts in fish than in their water environment could be a result of bacterial multiplication within the fish gut. Persistence studies for a fecal coliform, a fecal streptococcus, Salmonella typhosa, S. typhimurium, and Shigella flexneri in previously sterilized fish fecal material are demonstrated in Fig. 1 (10, 14, 15, 19) , these pollution organisms must have been introduced into the fish by contaminated food and water. The resulting increases in densities in the lower gut may be related to slow gut motility, which, coupled with warm summer water temperatures, would permit some bacterial multiplication prior to excretion. Table 2 shows a low order of increase in densities for intestinal material from the upper and lower gut of carp in water at 1 to 10 C. No evidence of toxicity to E. coli or S. faecalis that might be associated with bile or low pH in the upper intestinal material could be found in various split samples.
The biochemical reactions of 3,877 coliform strains isolated from 132 freshwater fish of 14 different species are reported in Table 3 . These data are divided into fish groups or individual species with similar eating habits. Only the IMViC -+ -+ and + + --types reached percentages that might be considered predominant. The -+ -+ coliform type occurred most frequently in sunfish, suckers, and carp, and the + + --type was most common to gizzard shad and catfish. Seaburg and Moyle (16) studied feeding habits of freshwater fish and found that bluegills, pumpkinseeds, and crappies feed mostly on insects in the early summer. Previous studies of soil and insects (5, 6) indicated that the -+ -+ coliform type occurred most frequently, i.e., 48 water environment in addition to their feeding habits. Table 4 shows the fecal coliform percentage, based on EC-positive strains, to be 30.8 % for fish, which is essentially identical with that for water (31.0%) from the same location in the Little Miami River. Analysis of the coliform types from Little Miami River fish indicated that 86.9 % of all types were represented by + + --, --++, -+-+, and ++++. These same four types were represented in 79.3% of all coliforms isolated from fish collected at this location. Experiments! with bluegills and carp kept in 250-and 500-gal tanks at the Newtown Fish Hatchery also support the thesis that the coliform types present in fish are the same as those in their water environment. The fish food contained less than two fecal coliforms per gram, and the tank water yielded 3.0% fecal coliforms among the 200 strains examined. This value was essentially the same as the 1.1% fecal coliforms among the 1,039 coliform strains isolated from bluegills and carp in the tanks. Three coliform types (-+ -+ + +-+, and + + + +) represented 91.2% of the strains from carp and bluegills used in these tank experiments, whereas the same three coliform types were represented in 99.0% of the strains isolated from the tank water.
The results of the biochemical tests with 850 streptococci isolated from the fecal material of 55 freshwater fish are given in Table 5 . The species of fish represented included bluegill, bass, white crappie, gizzard shad, white sucker, carp sucker, northern redhorse, carp, catfish, and northern pike. A preliminary analysis of data from different species of fish or fish of similar feeding habits did not reveal any significant differences; therefore, the data are presented in a summary table.
The predominant streptococci grew at both 45 and 10 C and were found in 88.5 %, or 752, of the total 850 strains. These included strains of S. faecalis and various closely associated biotypes. Only 58 strains, or 6.8 %, of the streptococci were capable of growth at 45 and not at 10 C. Such a grouping would include one or more of the following streptococcal strains: S. bovis, S. equinus, and S. salivarius. Finally, only 40 strains were capable of growth in Brain Heart Infusion broth at 10 C, but not at 45 C; these included strains of S. lactis, among others.
A previous study of the streptococci isolated from insects (6) Data in Table 6 The data presented constitute strong evidence that there is no permanent coliform or streptococcal flora in the intestinal tract of fish. The composition of the intestinal flora is related in varying degrees to the level of contamination of water and food in the environment. These flora can be modified by many factors, such as feeding activity, available food, and degree of water pollution. They can also be altered by antibiotic effects of ingested algae, Pseudomonas species, or other bacteriological agents in the fish gut. Fish may also be carriers of pollution from warmot spring water.
blooded animals for periods up to approximately 7 days, and could in this manner transfer potential pathogens to clean water areas.
